Abstract. The design requirements of brushless DC (BLDC) motor control system are on the increase high with the continuously broaden application fields of it. This paper presents the direct torque control(DTC) drive scheme for BLDC motor. The rationale of DTC for BLDC motor is analyzed and torque error is directly used to control the inverter states. The magnitude and phase angle of stator flux linkage vector are deduced under the α-β axis stationary reference frame. The control algorithm of stator flux linkage and torque is hysteresis control, then the results and flux linkage regulate the inverter. MATLAB simulation results indicate that DTC scheme for BLDC motor has faster speed of torque response and better performance, achieve the purpose.
Introduction
Brushless DC motor (BLDCM) is a kind of permanent magnet motor for the permanent magnet rotor. It has been widely used in various fields because of its high power density, outstanding speed governing performance, high efficiency, and simple structure [1] [2] [3] . The essence of motor control is the torque control and the torque ripple is the BLDCM's biggest problems. The commonly used method of torque control is current control, which has slow torque response and large torque ripple [4, 5] . The method of direct torque control(DTC) torque and flux linkage directly to control current indirectly, avoiding complex coordinate transformation, and it's a new kind of high performance motor drive control technology [6, 7] .
There are many effort has made in DTC of BLDC field, such as torque control [3, 6, 7] , torque ripple [8] , sensor [2, 5] and control algorithm [5] . Markadeh [2] presents rotor flux vector position and torque error control the torque and low the torque ripple. Yan [5] proposes a sensorless fuzzy DTC method based on torque error and flux linkage angle. Liu [8] describes the application of DTC to brushless dc drives and presents the torque estimation and expresses the inverter voltage space vectors.
This paper proposed a new DTC based on the rotor torque for BLDCM torque control. The method improve the torque dynamic response speed and reduce the torque ripple, besides, simplify the structure.
The fundamental of direct torque control
The electromagnetic generated torque of a BLDCM in the stationary α β − reference frame, neglecting the influence of mutual coupling, can be expressed as 
The schematic of the DTC BLDC motor drive is shown in Fig.1 . In the stationary reference frame, the stator flux linkage can be obtained by sampling the stator phase voltages and currents, like formula (4) and (5), the rotor flux linkage can be derivate according to formula (2) and(3). The magnitude and phase angle of stator flux linkage vector can be calculated from formula (6) and(7). The hysteresis controller which is the control algorithm of stator flux linkage and torque for a faster response than PID controller regulates the torque error and the stator flux linkage error, respectively. The inverter works based on the switching signal which is generated by switching 
Fig1. Schematic of DTC BLDC motor

Simulation analysis
MATLAB simulation model was developed to validate the performance of DTC strategy for BLDC motor. The simulation step is 1 microsecond. Fig.2 shows the BLDC motor response performance under stable operation at 3000rpm. The simulation condition is that the load torque is varied from 0.2 N.m to 3 N.m at 0.1 sec. As show in fig.1 , rotor speed is small fluctuation at the load torque injected, then restore stability gradually. 3 shows the response of electromagnetic torque when the load torque surge at 0.1 sec. The torque response time is less than 2ms due to the use of DTC strategy, and as a result, the stator current changes by the load torque. Fig.4 shows A phase stator current when load torque surge.
Conclusion
In this paper, the principle of the DTC of the BLDC motor is studied, the generated torque is derivation in the stationaryα β − reference frame based on the magnitude and phase angle of stator flux linkage vector. Hysteresis controller is applied to regulate the torque error and the stator flux linkage error for its faster response. The proposed approach is validated by MATLAB and the simulation results indicate that the DTC strategy can develop the torque response and improve the performance significantly. 
